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ABSTRACT 

The costs of suppor t ing  l a rge - sca l e  r e sea rch  p r o j e c t s  

i n  remote and h o s t i l e  environments, such as i n  t h e  U . S .  A n t a r c -  

t i c  Research Program, were d iscussed  w i t h  r e p r e s e n t a t i v e s  of t h e  

Na t iona l  Science Foundation. T h e  r e l a t i v e  p ropor t ion  of t o t a l  

program c o s t s  for  d i r e c t  research  g r a n t s  (%$3.5M/year) and 

l o g i s t i c  suppor t  (%$23.5M this yea r )  i n  these long-term p o l a r  

s t u d i e s  are of i n t e r e s t  a s  comparisons f o r  c u r r e n t  planning of 

s h u t t l e  sor t ie  f l i g h t s  and o the r  f u t u r e  space  research e f f o r t s .  
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MEMORANDUM FOR FILE 

t h o r s  d i scussed  t h e  U . S .  A n t a r c t i c  Resea -ch 
Program (USARP) with  M r .  R. L. D a l e ,  O f f i c e  of Po la r  Programs, 
NSF, on November 2 ,  1 9 7 1 .  The  purpose of t h e  v i s i f  w a s  t o  
o b t a i n  information r e l a t e d  t o  t h e  costs of suppor t ing  r e sea rch  
p r o j e c t s  i n  remote and h o s t i l e  environments, such as t h e  
A n t a r c t i c ,  as p a r t  of  a study comparing va r ious  ground and 
space  research programs. 

Large scale explora tory  and s c i e n t i f i c  programs have 
been conducted i n  the A n t a r c t i c  f o r  many y e a r s .  
i n t e r e s t  has been t h e  p r i n c i p a l  mot iva t ion  and t h e  d i s c i p l i n a r y  
areas s t u d i e d  have inc luded  biology,  car tography,  geology, 
g l ac io logy ,  meteorology, oceanography, t e r res t r ia l  and upper 
atmosphere phys ics .  Immediate economic b e n e f i t s  have no t  been 
a s i g n i f i c a n t  factor i n  pursuing these programs. 

S c i e n t i f i c  

Program Organizat ion and Funding 

T h e  Off ice  of  Polar  Programs i n  NSF coord ina te s ,  
funds and manages a l l  U.S .  research a c t i v i t i e s  i n  An ta rc t i ca .  
Logis t ics  and other  suppor t  are provided by DOD and DOT, b u t  
are p a i d  f o r  by NSF. The cu r ren t  t o t a l  annual  budget ( ' 7 1 - ' 7 2  
season)  i s  approximately $27 m i l l i o n ,  and i s  expected t o  be 
maintained a t  a s t eady  l e v e l  of  approximately $30 m i l l i o n  i n  
the f u t u r e .  Only about  $3.5 m i l l i o n  of t h i s  c u r r e n t  funding 
is allocated d i r e c t l y  t o  sc ience  research grants :  the remainder 
goes t o  suppor t ing  the personnel  and f a c i l i t i e s  t h a t  suppor t  
the s c i e n t i s t s .  

About 50 research g r a n t s  are awarded each year .  
A l m o s t  a l l  of these s t u d i e s  are conducted i n  t h e  October- 
February southern  summer season. Typica l ly ,  about 250 
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s c i e n t i s t s  and 2 , 5 0 0  suppor t  personnel  p a r t i c i p a t e  dur ing  t h i s  
peak per iod ,  w i t h  only about  10% remaining fo r  t h e  w i n t e r  
season. 

Curren t ly ,  about 1 2  n a t i o n s  are a c t i v e l y  conducting 
such r e sea rch ,  and almost a l l  main ta in  permanent year-round 
s t a t i o n s  on t h e  con t inen t .  Although t h e  e x a c t  number of s t a t i o n s  
v a r i e s  as i n d i v i d u a l  ones a r e  a c t i v a t e d  and d e a c t i v a t e d ,  t h e  U.S. 
and t h e  U.S.S.R.  each have about fou r ,  and a l l  r o u t i n e l y  
exchange fo re ign  v i s i t i n g  s c i e n t i s t s .  

Most personnel  are t r a n s p o r t e d  t o  A n t a r c t i c a  by 
a i r c r a f t ,  b u t  almost a l l  supp l i e s  are brought i n  by s h i p .  A l l  
i n t r a - A n t a r c t i c  t r a n s f e r  of personnel  and s u p p l i e s  i s  now done 
by a i r .  Most t r a f f i c  reaches the  main U . S .  ba se  (McMurdo) v i a  
Chr is tchurch ,  New Zealand, w i t h  a s m a l l  p ropor t ion  ( ~ 2 0 % )  
being  routed  through C h i l e  t o  si tes along t h e  A n t a r c t i c  
peninsula .  During t h e  summer season ,  %20-25 round- t r ip  f l i g h t s  
are made between t h e  U.S. and N e w  Zealand, and about t&ce that 
many s h u t t l e  f l i g h t s  between New Zealand and McMurdo. (The 
one-way cost of a t y p i c a l  c h a r t e r  f l i g h t  f r o m  the U . S .  t o  
McMurdo is  ~ $ 3 6 K . )  Between s t a t i o n s  on t h e  con t inen t ,  a t o t a l  
of roughly 4,000 hours  of f l i g h t  are made p e r  season ,  of which 
only about 10% is  devoted t o  d i r e c t  i n f l i g h t  s c i e n t i f i c  r e sea rch  
(such as mapping and remote-sensing s u r v e y s ) ,  t h e  ba lance  be ing  
f o r  l o g i s t i c  suppor t .  Approximately another  2 , 0 0 0  hours  of 
helicopter and local  f l i g h t s  are made f r o m  McMurdo and i c e b r e a k e r s ,  
of which about 25% is  f o r  d i r e c t  s c i ence .  Normally, none of t h e  
costs of t r a n s p o r t a t i o n ,  housing and o t h e r  l o g i s t i c  suppor t  are 
charged t o  i n d i v i d u a l  research g r a n t s .  

Only a sma l l  f r a c t i o n  of a t y p i c a l  g r a n t  i s  o r d i n a r i l y  
r e q u i r e d  f o r  ins t rumenta t ion ,  s i n c e  t w o  f u l l y  equipped labs are 
maintained on t h e  c o n t i n e n t  and they provide m o s t  i n s t rumen ta t ion  
needed f o r  A n t a r c t i c  research. 

Research Teams and Conditions 

A t y p i c a l  research  p r o j e c t  team c o n s i s t s  of about  f o u r  
s c i e n t i s t s ,  i nc lud ing  the p r i n c i p a l  i n v e s t i g a t o r .  Larger  mul t i -  
d i s c i p l i n a r y  teams are o f t e n  organized,  and account  f o r  about  
30% of t h e  s c i e n t i f i c  personnel  and budget. Husband-and-wife 
research teams and a few female r e sea rche r s  have taken p a r t  i n  
the program i n  r e c e n t  y e a r s ;  b u t  these have been only a small 
f r a c t i o n  of the p a r t i c i p a t i n g  populat ion.  
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The t y p i c a l  t i m e  between an i n i t i a l  p roposa l  and 
t h e  s t a r t  of a r e sea rch  p r o j e c t  i s  about 1 2  months, b u t  has 
been as sho r t  as 3-4 months f o r  unusual o p p o r t u n i t i e s  (such 
as a vo lcan ic  e r u p t i o n ) .  
s c i e n t i f i c  review, b u t  only about 50 of t h e  100-200 reviewed 
and recommended each y e a r  can be funded. 

A l l  p roposa ls  undergo r igo rous  

All p a r t i c i p a n t s  undergo phys ica l  sc reening ,  and 
a d d i t i o n a l  psychologica l  sc reening  is  r equ i r ed  f o r  those who 
w i l l  "winter-over" . 
on the con t inen t  more t h a n  1 2  months a t  a t i m e .  
the dura t ion  of a s tudy ,  n o  i n d i v i d u a l  i s  allowed t o  remain 
f o r  two consecut ive  seasons.  Seasonal  p a r t i c i p a n t s  are no t  
pe rmi t t ed  t o  have r o t a t i o n  and r e v i s i t s  because of t h e  expenses 
of t r a n s p o r t a t i o n .  

P a r t i c i p a n t s  a r e  r a r e l y  allowed t o  remain  
Regardless of 

Before depa r t ing  from t h e  U . S . ,  a l l  p a r t i c i p a n t s  
r e c e i v e  a w e e k ' s  i n d o c t r i n a t i o n  by experienced p o l a r  r e s e a r c h e r s  
and program managers. ( ' ) ( * )  
p e r s o n a l  equipment and c lo th ing ,  and r e c e i v e  2-3 days a d d i t i o n a l  
i n d o c t r i n a t i o n  be fo re  cont inuing  on t o  t h e i r  A n t a r c t i c  bases. 
On t h e  con t inen t ,  p a r t i e s  t h a t  w i l l  be l i v i n g  a t  remote si tes 
are given a d d i t i o n a l  t r a i n i n g  i n  equipment ope ra t ion  and su r -  
v i v a l  techniques.  
suppor t  c o n s i s t s  of s u r v i v a l  and rescue  gear .  

I n  New Zealand, they are i s s u e d  

A s i g n i f i c a n t  propor t ion  of t h e  l o g i s t i c  

A f t e r  an i n i t i a l  b r i e f  pe r iod  of pe r sona l  adjustment  
and on - s i t e  p repa ra t ion ,  m o s t  research teams se t t l e  i n t o  h igh ly  
e f f i c i e n t ,  b u t  i nd iv idua l i zed ,  work regimes -- working as much 
as 1 6  hours  a day, seven days a week. F l e x i b i l i t y  i s  p o s s i b l e  
because of t h e  a v a i l a b i l i t y  of continuous d a y l i g h t  and round- 
khe-clock support .  Extensive f a c i l i t i e s  ( i n c l u d i n g  medical,  
t e c h n i c a l ,  r e c r e a t i o n a l  and PX) are a v a i l a b l e  a t  t h e  permanent 
bases. The i s o l a t i o n  i s  r e l i e v e d  by l i b e r a l  access t o  r a d i o  
l i n k s  ( m i l i t a r y  and amateur) between t h e  s t a t i o n s  and home. 

NSF cons iders  it a d i s t i n c t  advantage t o  have t h e  P I  
d i r e c t l y  p a r t i c i p a t e  i n  a t  l e a s t  one A n t a r c t i c  t r i p ,  s i n c e  t h i s  
exper ience  g ives  h i m  a much more a c c u r a t e  p i c t u r e  of f i e l d  con- 
d i t i o n s  and enables  h i m  t o  be more rea l i s t ic  i n  h i s  demands on 
f i e l d  teams. A f t e r  a P I  has  been t o  An ta rc t i ca ,  he may choose 
t o  have co - inves t iga to r s  conduct la ter  f i e l d  a c t i v i t i e s .  

Although t h e  A n t a r c t i c  environment i s  i n h o s p i t a b l e  
(e.g., temperatures  i n  t h e  i n t e r i o r  go as l o w  as -129'F), 
exper ience  gained over t h e  years  has reduced t h e  o p e r a t i o n a l  
dangers .  Accident r a t e s  on i n t r a - c o n t i n e n t a l  f l i g h t s  have 
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decreased and loss of l i f e  on t h e s e  f l i g h t s  has  occurred  a t  
i r r e g u l a r  i n t e r v a l s .  For example, i n  t h e  1 2  y e a r s  between 
1956 and 1967 ,  25 persons w e r e  k i l l e d  i n  s i x  crashes. A 

t o t a l  of 33  a i r c r a f t  were l o s t .  ( 3 )  
a i r c r a f t  were involved i n  acc idents ,wi thout  l o s s  of l i f e .  
i l l n e s s e s  and i n j u r i e s  are treated o n - s i t e ,  b u t  evacuat ion  is 
p o s s i b l e  i n  s e r i o u s  cases .  The high l e v e l  of s a f e t y  i n  f i e l d  
r e sea rch  has been achieved by c o n s t a n t  emphasis on s u r v i v a l  and 
s a f e t y  throughout t h e  program. 

I n  t h e  1970-71  season,  t h r e e  
Most 

I n  summary, t h e  USARP has matured t o  t h e  p o i n t  where 
s c i e n t i f i c  r e sea rch  a c t i v i t i e s  are r o u t i n e l y  a v a i l a b l e  t o  a 
l a r g e  populat ion,  and are conducted w i t h  reasonable  s a f e t y  and 
e f f i c i e n c y .  

An o v e r a l l  review of the e f f e c t i v e n e s s  of USARP, 
i nc lud ing  i t s  c u r r e n t  costs and methods i s  now be ing  prepared 
by NSF f o r  t h e  O f f i c e  of Management and Budget. This r e p o r t ,  
t e n t a t i v e l y  e n t i t l e d  "Anta rc t i c  I s s u e s  Study",  i s  scheduled 
t o  be completed May 1, 1972.  

N .  P .  P a t t e r s o n  
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